Eryngium foetidum Linn. leaves (EF) are widely used in Thailand and many countries throughout Asia as a culinary seasoning and a traditional medicine. However, adverse effect of high dose consumption in long duration has not been evaluated. The aim of this study was to investigate chronic toxicity of EF in mice. Thirty-two ICR male mice were divided into 4 groups of 8 mice each. The mice were fed AIN-76 rodent diet, or AIN-76 rodent diet supplemented with ground freeze-dried EF at 0.8%, 1.6% and 3.2% that is equivalent to approximately 35, 73 and 155 times that of human consumption, respectively, at 97.5 percentile for a period of 24 weeks. At the end of experiment, the mice were euthanized and blood samples were collected for hematological and biochemical evaluations. Necropsy was performed while visceral organs such as lung, liver, kidneys, spleen etc. were collected, weighed and histopathologically examined. Blood urea nitrogen (BUN) results of mice in 1.6% and 3.2% EF diet groups were significantly higher than the BUN of control group. No significant difference was noted in other biochemical and hematological properties between the treatment groups and control; all results were within normal range. Histopathology of almost all visceral organs showed no significant changes. However, tubulonephrosis and chronic interstitial nephritis were observed in the groups treated with 1.6% and 3.2% EF diet. Body weight was reduced significantly at week 12 to week 20 when compared to the control group while relative kidney weights were significantly increased. In conclusion, the consumption of EF in diet at high doses illustrated the adverse effect on some biochemical parameters and histopathology in mice. Our findings suggested that EF daily consumption for 24 weeks, at higher doses than the 0.8% EF diet (35 times of human consumption), might cause adverse effect on kidney function in mice.
INTRODUCTION
Eryngium foetidum Linn. (EF) is a plant in family Apiaceae, native to Central and Latin America and the West Indies (1, 2) . EF, also known as "Phakchi-farang", is widely used in Thailand and many countries in Asia as a culinary seasoning in habitual diet. The National Bureau of Agricultural Commodity and Food Standard Survey "Food Consumption Data of Thailand in 2006" showed that the serving size of fresh edible EF for consumers was 0.48 g/kg BW/day. Acceptable Daily Intake (ADI) of EF that equivalent to approximately less than 10.12 g (fresh EF) and 0.58 g (freeze-dried EF) did not show adverse effect in human weight 60 kg. It has been used as a traditional medicine for treatment of various diseases such as cold, influenza, hypertension, constipation, diarrhea and malaria (3) . The component of EF depends on the geographic location of cultivation area (3, 4) . Phytochemical component of EF contains various compounds such as flavonoids, tannins, saponin and several triterpenoids (5) . Their antioxidant compounds consist of vitamin C, vitamin E, carotenoid, xanthophil and phenolic compound (6) . Moreover, the major components are α-cholesterol, brassicasterol, campesterol, stigmasterol and the minor components such as cholesterol, β-sitosterol, Δ5-avenasterol Δ5-24-stigmastadienol and Δ7-avenasterol are found (7) .
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Previous studies showed that EF possesses various health benefits such as anti-inflammatory and antioxidant properties in vitro and in vivo (5, 7, 8) . From the previous study, reduced inflammatory responses were reported in mice treated with EF after 12-O-tetradecanoylphorbol acetate induction (7) . EF also exhibited the highest inhibitory activity against MCF-7 human mammary carcinoma cell (9) . Recently, it was reported that EF had anti-clastogenic activity in mouse erythrocyte (10) . However, consumption at high dose for long term and its toxic effect have never been reported. Therefore, EF should be studied scientifically for its toxicity in order to establish suitable dose for human consumption in the form of supplement or herbal products.
MATERIALS AND METHODS

Chemicals.
For preparation of animal diet, AIN-76 semi-purified diet, sodium caseinate (ECCO 2300) the product of Vichi Enterprise. Co., Ltd., New York, USA. DL-methionine and vitamin mix were the products of Fluka, Sigma Aldrich Co., Ltd. Eryngium foetidum L. leaves (EF) preparation. EF were purchased from 2 central distributors in Pathum Thanee and Nakhon Pathom Provinces, Thailand. Freezedried EF was prepared as previously study that reported about clastogenicity of EF that administration to mice received both direct-acting, mitomycin C (MMC), and indirect acting, 7, 12-dimethylbenz(a) anthracene (DMBA) clastogens. The study using ICR mice that mice were fed AIN-76 semipurified diet supplemented with ground freeze dried EF at 0.8%, 1.6% and 3.2% for 2 weeks. The results shown no clastogenic effect and mice were treated with diets mixwell with EF decreased the number of micronucleated peripheral reticulocytes in all the MMC-treated groups in a dose dependent manner (10) . Briefly, edible parts of EF was cleaned with tap and deionized water, drained and air dried, slightly crushed to small pieces, quick freezed with liquid nitrogen, then lyophilized, ground, packed and stored at −20 o C until analysis.
Animal and diet preparation. Thirty-two ICR male mice, 3 weeks old, weighing 23 ± 2 g were purchased from the National Laboratory Animal Center (NLAC), Mahidol University. The animals were housed in strict hygienic conventional animal room of Section of Animal Laboratory, National Cancer Institute (NCI), Thailand. The mice were maintained at 23 ± 2 o C with 50 ± 10% humidity and 12 hrlight/dark cycles and housed in filter-top plastic cages according to the Institute Care Guidelines approved by the Animal Ethic Committee of NCI (AE. No. 241/2554). During experimental period, the animals were closely daily observed for general behavioral change and clinical signs of their toxicity.
Chronic toxicity study. In acclimatization period for 1 week, the mice were given modified AIN-76 diet (basal diet) and water ad libitum. After that, the mice were randomly assigned to four groups of eight mice each. Group 1 was fed on basal AIN-76 diet and served as the control. Groups 2, 3 and 4 were experimental groups and fed on basal AIN-76 diets supplemented with ground freeze-dried EF in three concentration levels which were 0.8%, 1.6% and 3.2%, respectively, and water ad libitum for 24 weeks. During the experimental period, the mice were observed for clinical signs, morbidity or mortality daily. Body weight was weekly recorded and diet consumption was daily monitored over 24 weeks. At the end of the experiment, the mice were sacrificed and blood was collected for determining hematological and biochemical values. Visceral organs such as brain, heart, lung, liver, stomach, small intestine, adrenal gland, lymph node, salivary gland and reproductive organ were collected and weighed to determine relative organ weight (g/100 g BW of mouse). After that they were fixed in 10% neutral buffered formalin for conventional histopathological examinations.
Hematological analysis was performed using a fully automated hematology analyzer (CELL-DYN ® 3700, Abbott Laboratories, Santa Clara, CA, USA). Hematological parameters and morphologic characteristics were examined, i.e. complete blood count (CBC) such as red blood cells (RBC), hemoglobin (Hb), hematocrit (Hct), white blood cells (WBC), % of neutrophils, band, eosinophils, lymphocytes and monocytes, mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC) and platelets count (PLT). Biochemical examinations were performed using an automated chemistry analyzer (Modular P800, Roche Diagnostics, New York, USA. Serial No. 2017-10). Biochemical parameters such as blood urea nitrogen (BUN), creatinine (CREA), uric acid (UA), cholesterol (CHOL), total protein (TP), albumin (ALB), globulin (GLOB), aspartate transaminase (AST), alanine transaminase (ALT), alkaline phosphatase (ALP), calcium (Ca), phosphorus (P) and magnesium (Mg) were evaluated.
Statistical analysis. Data were expressed as mean ± standard error of the mean (S.E.M.) and analyzed by the analysis of variance ANOVA test. Significant difference between the control and experimental groups was made using the Two Independent sample by Mann-Whitney U test. For histopathological examination, Fisher's Exact Probability test was applied. A probability level of less than 5% (p-value < 0.05) was considered significant.
RESULTS
No significant changes in general behavior or other major physiological activities of the mice were found. However, the mice receiving high dose of EF at 3.2% (Group 4) exhibited some clinical signs such as aggressiveness, rough fur, increased urination, disagreeable odor of urine and feces. In addition, fecal color changed into dark green when compared with the control group.
Mean food consumption (g/mouse/day) of the control group (Group 1) and the experimental groups (Groups 2, 3, 4) were 5.48 ± 0.05, 5.77 ± 0.05, 5.77 ± 0.05 and 5.80 ± 0.05 g/mouse/day, respectively. Interestingly, the mean food consumption significantly decreased in the experimental groups treated with EF at week 14 to week 20 when compared with the control group (Fig. 1) . Body weights of the mice treated with 1.6% EF (Group 3) were significantly reduced at week 12 to week 20. While the 3.2% EF treated group (Group 4) showed a significant decrease in their body weights at week 12 until the end of the experiment (Fig. 2) . There was no difference in the relative organ weights between the treatment and control groups except the kidney. The right kidney weights of mice in Groups 3 and 4 were significantly higher than those of the control group, whereas the left kidney weights of mice only in Group 4 significantly higher than those of the control group (Table 1) .
Hematological examination of the mice in Group 4 is shown in Table 2 . There was a significantly increase in mean corpuscular hemoglobin concentration (MCHC) when compared with the control group but this alteration was within the reference range reported by the National Laboratory Animal Center (NLAC). For biochemical examination, a significant increase in BUN in Groups 3 and 4 in a dose dependent manner was shown when compared with the control group (Table 3) . Furthermore, alkaline phosphatase (ALP) was significantly decreased in Groups 3 and 4 when compared with the control group. CHOL level (mg/ dL) in Group 3 (139.88 ± 1.99) and Group 4 (134.75 ± 0.13) significantly decreased when compared with the control group (162.38 ± 2.67). No difference in histopathological examination in the visceral organs of the treated mice was found when compared with the control group except tubulonephrosis, characterized by diffuse hydropic degeneration of renal tubular epithelium, and multifocal chronic interstitial nephritis, characterized by infiltration of lymphocyte and mononuclear cells in interstitium. Splenic hemosiderosis seen by increased hemosiderin-laden macrophages in white pulp and proliferation of gut-associated lymphoid tissue (GALT) invading into submucosa of large intestine were noted. Descriptive microscopic findings of visceral organs and degree of lesions are shown in Table 4 .
DISCUSSION
The body weight of mice was significantly decreased conversely to the diet consumption when compared with the dose of EF. Many studies have suggested that dietary fiber aids in decreasing absorption of macronutrients and altering secretion of gut hormones. (11, 12) . Whereas, consuming diets containing high fiber provides bulk and it is related to lowering of body weights. Moreover, EF contains tannin that might disrupt digestion in mice (6). However, moderate degree of tubulonephrosis and multifocal chronic interstitial nephritis (Fig. 3) were significantly increased in Groups 3 and 4 which affected kidney functions. Histopathological lesions in kidney might be caused by toxic metabolites of major constituents in EF after ingestion such as stigmasterol, campesterol and brassicasterol (13) . The-metabolite products are excreted via renal tubular epithelium, which might cause xenobiotic-induced cell injury and hydropic degeneration of tubular epithelium and can induce inflammatory cytokine to stimulate lymphocytes and mononuclear cells infiltrated lesion periphery. These constituents can inhibit the absorption of cholesterol and replace a part of cholesterol in cell membrane, i.e. RBC and blood vessel membrane, which make RBC more rigid and fragile (14) . Thus, the high level of BUN and relative kidney weight were significantly increased in association with renal lesions. The spleen showed mild, moderate and severe degree grading of extramedullary hematopoiesis in both control group and experimental groups (Fig. 4) . However, the mild and moderate degrees were found in normal mice (15) , whereas the severe degree of extramedullary hematopoiesis and hemosiderosis occurred in anemic mice because blood morphology of RBC showed anisocytosis and poikilocytosis that possibly to influence excessively increased half-life of RBC. Excessive hemolysis of RBC can occur in spleen, show evidence of increased hemosid- erin-laden macrophages and then stimulate production of RBC as seen by increased numbers of megakaryocytes in splenic tissue. Mild degree of proliferation of GALT usually occurs in large intestine, but a significant increase was found only in Groups 3 and 4. This lesion can occur in aging normal mice both in small and large intestines because some antigens in daily diet can induce proliferation of lymphoid cells to stimulate both humoral and cell-mediated immunity (15) . Other possible cause of this lesion in our experiment might be because the consumption of high fiber diets provided bulk and relieve constipation (16) . This mechanism of fibers causes irritation and induces inflammation of mucosal epithelial cells of large intestine because of defecation. Whereas, low level of ALP may be possibly due to anemia and commonly decreases in aged mice (17) . Furthermore, CHOL level in Groups 3 and 4 was shown to significantly decrease when compared with the control group, possibly caused by the high fiber in diet. Other study that support our postulation was by Dreher, who reported that fiber could reduce CHOL level and decreased the body weight of mice (18) .
In conclusion, chronic toxicity study of EF demonstrated that EF diet at 0.8% (35 times of human consumption) did not affect hematological and biochemical parameters when compared to the control group. In the groups treated with EF at 73 and 155 times of human consumption, some abnormality signs that led to the significant increase in the serum BUN level were produced, which strongly correlated with kidney histopathological lesion. Consequently, the consumption of Eryngium foetidum leaves at high dose for a long time may cause kidney lesion.
